SUMMARY
Decreasing brain or body temperature significantly attenuates ischaemic damage to brain tissue. Animal work demonstrates that hypothermia significantly reduces the neuronal damage in transient ischaemic models. Protective effects can be seen with even modest systemic and local hypothermia (35°C). Neuronal protection increases with greater degrees of hypothermia (32°C) 1, 2 . Clinical studies examining outcome after head injury demonstrate that systemic cooling to a temperature of 33°C may be beneficial 3 . It is common practice to induce systemic hypothermia (32-35°C) for neuroprotection during craniotomy for cerebral aneurysm surgery 4 . Even though hypothermia during and after many forms of surgery is common 5 , there are significant risks associated with even mild perioperative hypothermia 6 and rewarming after induced hypothermia is slow 7 . Environmental temperature has a significant effect on the surface of the exposed brain at a depth of 1 cm 8 . Despite this, irrigation of the brain during craniotomy with warm fluid is common practice during neurosurgery, to clear blood and improve the view of the surgical field. Normal saline at a temperature of 37°C is often used and its exact temperature is rarely monitored.
By using cool saline to irrigate the surgical field, it may be possible to selectively cool the brain as an adjunct or alternative to systemic hypothermia. This may have practical application, particularly since animal studies demonstrate that selective brain cooling is an effective strategy in reducing neuronal damage [9] [10] [11] . In addition, selective brain cooling has the advantage of avoiding the adverse effects of systemic hypothermia.
The aim of this study was to measure the effect of cool irrigation fluid on brain temperature during open craniotomy.
MATERIALS AND METHODS
The study was approved by our institutional Human Research Ethics Committee. All patients gave their written informed consent. Patients having open craniotomy for cerebral aneurysm or tumour surgery were eligible for inclusion. Eight consecutive patients of ASA grading 1 to 3 were studied. No patient was excluded. A standard general anaesthetic technique was used. Premedication was oral temazepam with midazolam supplementation in the anaesthetic preparation room. Induction was performed with fentanyl and thiopentone and anaesthesia maintained with nitrous oxide, oxygen and isoflurane. Muscle relaxation was induced and maintained with vecuronium by bolus and infusion. Ventilation was controlled to maintain an arterial carbon dioxide tension of approximately 30 mmHg. In addition to standard monitoring, distal-third oesophageal and nasopharyngeal temperature probes were inserted.
One litre of normal saline at 30°C was prepared by mixing warmed fluid with room temperature fluid in a standard surgical bowl. The temperature of the fluid was measured using an 18 mm long, 22 gauge thermocouple needle temperature probe (Monotherm Myocardial, Mallinckrodt, U.S.A.). The same probe was used to measure the temperature of brain parenchyma.
Once the dura mater was opened, the thermocouple needle temperature probe was inserted into the brain parenchyma to a depth of 18 mm, the depth at which the entire needle length lies within brain tissue. The site of insertion was the intended site of the ventricular cerebrospinal fluid (CSF) drain, to avoid unnecessary trauma.
After the baseline cerebral temperature was recorded, one litre of normal saline at a temperature of 30°C was poured from the bowl onto the surface of the brain over a period of five minutes. Cerebral temperature was recorded each minute during this time and for a further ten minutes or until the temperature returned to baseline levels. The time taken for the cerebral temperature to return to baseline was recorded. The core temperature (as measured by the oesophageal and nasopharyngeal temperature probes) was maintained at a constant temperature using a forced-air warmer (Bair Hugger ® , Augustine Medical, U.S.A.) and warmed intravenous fluids.
The results were analysed by a repeated measures ANOVA with post-hoc comparisons using SPSS 10 (SPSS Inc., Chicago, IL). Bonferroni correction for multiple comparisons was used to confirm a P value <0.05. Data are presented as mean±standard deviation, except where otherwise specified.
RESULTS
The subjects were four men and four women. Four patients had surgery for cerebral aneurysm and four for tumour resection. Arterial carbon dioxide tension remained constant in each patient, but varied from patient to patient between 30 to 35 mmHg (Table 1) .
Nasopharyngeal and oesophageal temperatures for each patient did not change during the irrigation period.
The cerebral temperature of all patients decreased during the five minute period of irrigation ( Figure 1) . The temperatures at each time interval approximated a normal distribution. The mean decrease in cerebral temperature from baseline was 1.6±0.5°C (P<0.01). The 95% Confidence Interval for the decrease in cerebral temperature was 0.52°C to 2.63°C decrease. Statistically significant differences in temperature from baseline occurred at 2, 3, 4, 5, 6, and 7 minutes (Table 2 ). After cessation of irrigation, cerebral temperature returned to baseline temperature in 5.3±1.5 minutes.
DISCUSSION
Our results show that topical application of cool fluid to the brain during craniotomy leads to a significant decrease in cerebral temperature measured over a distance of 18 mm. The duration of this decrease is transient, but has a statistically significant duration of at least five minutes. There is good evidence in animals and suggestive evidence in humans that hypothermia, produced systemically or topically, offers protection against ischaemia in neural tissue 1, 2, 12 . Systemic hypothermia, however, introduces unwanted effects. Inhibition of platelet adhesion leads to impaired coagulation 13 and increased blood loss 14 . Raised sensitivity and prolonged duration of action of anaesthetic drugs may prolong postoperative recovery 15 . Impaired wound healing and increased wound infection rates may prolong hospital stay 16 . Systemic hypothermia leads to a threefold increase in perioperative cardiac ischaemic events in susceptible patients 17 . It is possible that selective brain cooling will avoid these risks, by allowing systemic temperature to remain near normal levels, while potentially giving a degree of cerebral protection.
Recent animal studies have investigated the effect of selective brain cooling, using methods such as spontaneous cooling 2 , water cooled metallic plates placed on the animal's scalp 9 , submersion of the animal's head in iced water 11 or ice packs 18 and cooling caps at 30°C 10 . These studies used temporary ischaemic models and provide either histological or biochemical evidence that selective brain cooling significantly improves neural survival after transient ischaemic injury.
Park et al 19 compared systemic hypothermia with selective brain cooling in a permanent ischaemic rat brain model and found that selective brain cooling was not as effective as systemic brain cooling. They observed hyperaemia during rewarming after selective brain cooling, but not after systemic hypothermia. This may account for the lesser protective effect seen in this study but not in others using transient ischaemic models.
Human studies provide less convincing evidence of the value of hypothermia, whether selective or systemic. In neonates, selective head cooling combined with mild systemic hypothermia is feasible and confers lower overall risk when compared to greater systemic cooling alone 20 . In contrast, Mellergard attempted to selectively cool the head in adults using fluid-filled helmets and nasopharyngeal lavage but was unsuccessful 21 . Brain temperature measurements were taken from the cerebral ventricles of patients with severe head injury. It proved difficult to maintain hypothermia using selective techniques alone and a combination of techniques was required. The situation in neurosurgical procedures is quite different. It is arguable that the region most susceptible to damage during craniotomy is not around the ventricles, but in the cortex and superficial subcortical regions. This is where surgical damage may occur due to manipulation, electrocautery and retraction, resulting in local oedema and ischaemia. During craniotomy, the exposed brain offers an opportunity to selectively cool this region. In patients with normal intracranial pressure it may be neither necessary nor desirable to achieve intraventricular or deep brain hypothermia. Although it is not known what depth is sufficient to include all tissue vulnerable to surgical damage, it would be reasonable to assume that the tissue at highest risk would be adjacent to both the site of surgery and the region irrigated.
Stone et al 8 measured the cerebral temperature of normothermic patients undergoing craniotomy at a depth of 1, 2 and 3 cm. They found that the cortical temperature of exposed brain did not differ from core temperature at 2 and 3 cm, but was lower at 1 cm. Our study supports this research. It demonstrates that the intentional use of moderately cool fluid has an effect, at least to a depth of 18 mm, over and above that of environmental temperature alone.
A problem with selective brain cooling is the rapid recovery time of cortical temperature at the end of irrigation. This may not be a shortcoming in practice, because it is usual neurosurgical technique to irrigate the brain frequently during surgery to wash away blood and tissue to improve vision. Operator awareness of a second potential role of irrigation would assist in ensuring frequent and/or directed surgical irrigation that may offer benefit. In many circumstances, substantial cooling may only be appropriate for short periods of time. A possible advantage of selective brain cooling over systemic cooling is that tissues with decreased perfusion through physiological manipulation or local trauma may be more susceptible to local temperature changes. Areas which are ischaemic because of retraction, oedema or temporary clipping may benefit from local cooling because they remain cooler for a longer time.
It is possible that colder irrigation fluid would confer a greater and more long-lasting parenchymal temperature decrease. We chose 30°C as the temperature of the irrigation fluid because colder fluid could potentially cause cerebral vasospasm, although there is no evidence supporting this concern. Fluids that are warmer than core body temperature may reduce the beneficial effect of systemic hypothermia.
It is interesting to note that patients 6 and 7 had larger gradients between their baseline cerebral temperature and core temperatures. The observed difference could not be explained by any difference in room temperature or length of time from craniotomy to first cerebral temperature measurement, because these factors were kept constant. Although poor cerebral perfusion might explain these differences, there were no clinical features suggesting that cerebral perfusion was decreased.
We believe selective brain cooling in this situation is a potentially useful technique that deserves further investigation of patient outcome. Future work examining morbidity after neurosurgery should at least control for this variable.
In conclusion, we have demonstrated that irrigation of exposed brain with cool fluid during craniotomy leads to a decrease in cerebral parenchymal temperature that lasts approximately five minutes. Cool irrigation fluid is a practical alternative to warm irrigation fluid during craniotomy and should be investigated to determine if it offers substantial benefit.
